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IN THE CANADIAN GREAT LAKES BASIN with
Emphasis on Certain Trends and Projections to
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Report on GREAT LAKES POLLUTION FROM LAND
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 As its title suggests, this volume presents an Inventory of Land Use
 
and Land Use Practices in the Canadian Great Lakes Basin, with emphasis
 
on certain trends and projections to 1980 (and to 2020 where appropriate).
The report integrates several studies by contractors and sub—contractors.
These studies were part of the Canadian Task B effort for the Great Lakes
Pollution from Land Use Activities Reference Group, International Joint
Commission.
The Task B report for the Canadian part of the Great Lakes Basin is
contained in five volumes:
Volume I Canadian Great Lakes Basin Summary
Volume II Lake Superior Basin
Volume III Lake Huron Basin
Volume IV Lake Erie Basin
Volume V Lake Ontario Basin
Knowledge of present and future land use and land use practices are
important as background for evaluating and controlling non—point sources
of water pollution. This report describes and quantifies, as appropriate,
the Canadian Great Lakes Basin's geology, soils, minerals, climate,
surface and ground water, vegetation, wildlife, and economic and demographic
characteristics. It inventories available information on waste disposal
operations, lakeshore and riverbank erosion, high-density non-sewered
residential areas and recreational land uses, as well as materials
application of agricultural chemicals, fertilizers, animal wastes and
salts on highways. Finally, future trendsand projections are shown for
the above categories.
This Canadian Great Lakes Basin Summary and each of the four Canadian
lake basin volumes have beenreviewed by Joint Task Group B, whose
comments were considered before apprOVal for final report development.
This study forms a Canadian contribution to the Task B effort of the
Study on Great Lakes Pollution from Land Use Activities.
The study discussed in this report was carried out as part of the
efforts of the Pollution from Land Use Activities Reference Group, an
organization of the International Joint Commission, established under
the Canada-U.S. Great Lakes Water Quality Agreement of 1972. Findings
and conclusions are those of the author(s) and do not necessarily reflect


























































the Canadian Shield, and the remainder is underlain by sedimentary
bedrock of the Paleozoic era. The climate varies with latitude and
proximity to the lake, with the Niagara Fruit Belt having a climate mild


























































































































































































































































































































(718,620 1b/a) of herbicides.
 
 The estimated annual nutrient contributions from combined commercial
fertilizer and agricultural manure usage are 36,450 t (80.2 million lb)
nitrogen; 20,480 t (45 million lb) phosphorus (P205) and 33,400 t (73
million lb) of potassium (K20).
Road salt usage amounts to about 741,620 t/a (1.6 billion lb/a).
fUlURElBEﬂDﬁ
The population in the Canadian portion of the Lake Ontario Basin
may double over the next fifty years and economic output may increase by
a factor of eight. Major land use projections for the Canadian portion
of the basin indicate that agricultural land area will decline faster
than urban land area will increase, resulting in small increases in
forest and 'other' land uses.
The future predicted pattern and extent
of specialized land uses in the Canadian portion of the Lake Ontario
Basin will be more a function of interacting social, technological, and
legislative factors than of population and economics.
Pesticide forecasts
predict a decline in usage under an optimistic yield scenario and an
increase in usage under a pessimistic scenario.
Fertilizer forecasts
predict a continued rapid increase until the year 2000, followed by a
decline in usage.
The use of road salt is predicted to increase from




IN I RQDUCI IQN
The Boundary Waters Treaty (1909) states, in part, that the boundary
waters and waters flowing across the boundary shall not be polluted on
either side to the injury of health and property on the other side. In
accordance with this treaty and the Water Quality Agreement of 1972, the
governments of Canada and the United States requested that the International
Joint Commission conduct a study on pollution of the boundary waters of
the Great Lakes System by agriculture, forestry, and other land use practices.
Studies completed during 1969 demonstrated that diffuse land drainage
sources were not only significant, but also were difficult to measure.
As a result of those findings, the International Joint Commission called
upon the International Reference Group on Great Lakes Pollution from
Land Use Activities to provide a better definition of the impact of land
use activities, practices, and programs on water quality in the Great
Lakes, and to propose appropriate practical remedial measures.
ET EST LN
The February 1974 Detailed Study Plan emphasizes four main tasks:
TASK A — assessment of problems, management of programs and research,
and the attempt to set priorities in relation to the best information
now available on the effects of land use activities on water quality
in boundary waters of the Great Lakes.
TASK B — inventory of land use and land use practices, with emphasis
on certain trends and projections to 1980 and, if possible, to 2020.
TASK C — intensive studies of a small number of representative watersheds,
selected and conducted to permit some extrapolation of data to the
entire Great Lakes Basin and to relate contamination of water quality,
which may be found at river mouths on the Great Lakes, to specific land
uses and practices.
TASK D - diagnosis of the degree of impairment of water quality in
the Great Lakes, including assessment of concentrations of contaminants



























































































































































































































































































CANADIAN PORIION OF LAKE ONTARIO BASIN
The Lake Ontario Basin is the most populated and most urbanized of
the Canadian Great Lake basins. It has a land area of 2,950,000 ha (7.3
million acres). For purposes of this report, the Lake Ontario Basin has
been divided into two major sub—basins: l) Sub—Basin 10 — Western Lake
Ontario; and 2) Sub—Basin ll — Trent—Moira Rivers. The boundaries of
these sub—basins are illustrated in Figure 1.
LAND RESOURCES
QEQLQQX
The northern portion of the Lake Ontario Basin is underlain by the
geologic formation commonly referred to as the Canadian or Precambrian
Shield (over 500 million years in age). At one stage in its development,
the shield was extremely mountainous, but after millions of years of
erosion by ice and water it has been reduced to a relatively flat surface.
Through uplifting and faulting, the original igneous and sedimentary
rock was altered to metamorphic rock.
The rest of the Lake Ontario Basin is underlain by the relatively
flatlying sedimentary bedrock of the Paleozoic era. The Niagara Escarpment
runs from Niagara Falls to Hamilton, and then north along the edge of
the Western Lake Ontario Sub—Basin. The bedrock above the Escarpment is
dolomite, whereas belowthe Escarpment it is shale. The eastern part of
the basin has bedrock composed mainly of limestone.
Y D S
The distribution of soils in the Lake Ontario Basin is related to
the bedrock and the glacial landform on which they are formed, as well
as to climatic and vegetative regimes. In general, the soils can be
described as being deep fertile clays, loams and sands on varying topography
south of the Precambrian Shield. The Shield area is generally infertile,
with shallow to deep sandy soils over relatively infertile bedrock.
The Niagara Peninsula has deep clay soils, whereas the rest of the
Western Lake Ontario Sub—Basin has deep clay loam and sand. The Trent—
Moira River Sub—Basin has deep sandy loam and organics, and deep clay to
shallow loam in its southern portion. The northern area underlain by
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mixed forest consisting of eastern white and the red pines, eastern
hemlock and yellow birch. Common to this region are species such as
sugar maple, red maple, red oak, basswood and white elm. Other wide—
ranging species are the eastern white cedar and large-tooth aspen, and to
a lesser extent beech, white oak, butternut and white ash. Boreal species,
such as the white and black spruces, balsam fir, jack pine, trembling aspen,
 balsam poplar and white birch, are intermixed. More than half (55
percent) of the Trent-Moira Sub—Basin remains covered by this Great
Lakes-St. Lawrence forest.
About 40 percent of the Trent—Moira Sub-Basin has been cleared for
agriculture.
However, the majority of this land is used as pasture,
rather than as cropland.
EQEULAILQN
The Lake Ontario Basin is the most densely populated of the Canadian
Great Lakes basins.
It contained 4,035,064 persons in 1971, or 61
percent of the total Canadian Great Lakes Basin population.
The largest
proportion of this population (91 percent) lives in the Western Lake
Ontario Sub—Basin.
Figure 2 presents the growth of the Canadian Lake Ontario Basin
population over the period 1901 — 1971.
Growth has been especially
rapid from 1951 to 1971.
W
Economic activity in the Canadian portion of the Lake Ontario Basin
for 1972 is presented in Table 2.
As in the other Great Lakes, the
land—based industries (i.e., agriculture, forestry, fisheries and mining)
contribute a relatively small proportion to the total economic output.
W
The western part of the Canadian Lake Ontario Basin is involved
principally in the dairy industry, with such crops as corn, winter
wheat, spring grains, hay and pasture.
Many orchards and vineyards are
cultivated near the Niagara Escarpment in the Hamilton-Wentworth and
Niagara Regions.
The Niagara Fruit Belt is bounded on the north by Lake Ontario, on
the south by the Niagara Escarpment, and on the east and west by the
Niagara River and Hamilton.
It is the principal production area in
Ontario for peaches, cherries, pears, plums and grapes. These crops all
require heavy pesticide applications to insure unblemished fruit.
The area north of Lake Ontario from Toronto to Kingston has a mixed
agriculture, with dairy herds, orchards and canning crops being raised
on the well-drained soils bordering Lake Ontario. Crop production is
limited farther north by steep slopes, susceptibility to erosion, drought
and low fertility. A large proportion of the area is reforested (with















































POPULATION IN THE CANADIAN PORTION OF THE LAKE ONTARIO BASIN 1901-1971
10
 ECONOMIC ACTIVITY IN THE CANADIAN PORTION OF THE
LAKE ONTARIO BASIN,
Real Domestic Product by Major Industrial Group
TABLE 2
1972







Agriculture 84.31 44.07 128.38
Forestry 2.48 2.63 5.11
Fisheries 0.74 0.22 0.96
Mining 76.65 12.51 89.16
Manufacturing 4911.56 323.60 5235.16
Construction 660.98 66.42 727.40
Transportation,
Utilities, Trade
& Other 6534.67 594.46 7129.13
Total Output,
All Sectors 12271.39 1043.91 13315.30
1;












































































































































































































The Lake Ontario Basin lacks the valuable metallic ore deposits
which characterize the upper Great Lakes Basins, but it does have a
significant extraction potential of its own, particularly in sand,
gravel and other raw materials for the construction industry.
Cement production is concentrated along the north shore of Lake
Ontario in Bowmanville, Colbourne, Picton and Bath. In 1974, production
rose to 3.6 million t (8 billion lb), and was valued at 82 million
dollars. High purity nepheline syenite, used in glass and ceramics, is
mined in Peterborough County and was valued at 7.4 million dollars in
1973. Uranium deposits existing around Bancroft may be developed in the
future. However, mineral extraction for the construction industry is
the most important mining activity in the Canadian portion of the Lake
Ontario Basin. Presently, about 6,400 ha (15,800 acres) of land are
being used for extractive purposes, including 4,740 ha (11,700 acres) in
the Western Ontario Sub—Basin and 1660 ha (4100 acres) in the Trent-
Moira Sub-Basin.
REQREAILQN
An evaluation of recreation in the Canadian portion of the Lake
Ontario Basin was done on the basis of land capability. Capability for
intensive recreation was derived from the Canada Land Inventory. Capability
for extensive or dispersed recreation was determined by relating water
patterns and topography.
The Niagara Falls area has an outstanding concentration of high
capability sites for intensive recreation.
The Hamilton-Dundas area has a very high capability for extensive
recreation, as do the Haliburton Highlands and the Bay of Quinte area.
The Canadian portion of the Lake Ontario shoreline is rated from high to




















































































IN | RQDUQI ID“
The land use classification scheme used in this report is described
below, followed by presentation of the results.
A discussion of metho—
dology is presented in Appendix A of Volume I in this report series.
I STM
W
The factors taken into consideration during the development of the
classification system are as follows:
1) nature of the data required;
2) data collection methodologies available; 3) cost of data acquisition;
4) comparability of the data from both countries; and 5) timeliness of
information.
The fact that the land use data were to be used in studies related
to water quality dictated that classes should be different with respect




use categories used in the inventory of land use in the Canadian Lake
Ontario Basin are defined in Table 3.
TABLE 3
LAND USE CLASSIFICATION DEFINITIONS
URBAN — Land used for residential, commercial, industrial or institutional
purposes.
Residential - Land used for residential purposes. Single and multiple
dwelling units in the built—up portions of cities and towns were
included in this category. Areas of urban sprawl, such as country
estates and strip residential developments, were also included.
Low density residential - Land used for residential purposes
which had 10 percent or less man-made surface ground cover. This
category included, for example, strip residential and country
estates.
 
Medium density residential — Land used for residential purposes
which had 10 to 25 percent man—made surface ground cover. This






















































































































































































































































































man-made surface ground cover.
High density commercial — industrial — Land used for commercial,
industrial or institutional purposes which had greater than 25


















yards, highway interchanges, airports and airstrips.
EXTRACTIVE - Land used for the extraction of earth materials, including open
pit mines, strip coal mines, commercial mineral excavations, commercial top—
soil removal operations, etc. Idle land held in reserve was included.
SLAG HEAPS - Land used for commercial dumping of mine tailings, chemicals,
and slag. This category was of particular significance in the Sudbury area.
OUTDOOR RECREATION - Land used for private or public outdoor recreation. This
category included such things as developed national, provincial, municipal,
city and private parks, wildlife sanctuaries, historical sites, race tracks,
golf courses, drive—in theatres, marinas and cemetaries.
AGRICULTURE —
Orchards, Vineyards, Horticulture, Fur andPoultry Operations — Land
used for the production of tree fruits and grapes, vegetables and
small fruits, and large scale fur farms and poultry operations.
Cropland - Land used for the production of annual crops such as grain,
tobacco, or sugar beets.
l6
 Improved Pasture — Land used for pasture or for the production of hay
and other fodder crops. To qualify as improved, a pasture had to
exhibit some evidence of cultivation.
Unimproved Pasture — Included grasslands, such as natural range,
and areas of sedges and herbaceous plants. Brush scrub and mature
trees up to a maximum cover of 25 percent of the total land area
was included in this category.
Forest — Land bearing forest, short trees or bushes in which the tree
cover exceeded 25 percent of the total area, was included in this category.
March & Swamp — Open wetlands of all types were included in this category.
Barren - Land which did not support vegetation. Examples include sand
flats, barren rock, alkali flats, etc.
BEﬁLLLIS
SUB—BASIN 10: WESTERN LAKE ONTARIO
 
There are four major watersheds in the Western Lake Ontario Sub—Basin:
l) Niagara Peninsula (Ontario Drainage); 2) Credit and Bronte Rivers;
3) Humber, Don and Rouge Rivers; and 4) the Bowmanville and Ganaraska Rivers.
The major land uses of these watersheds and the Western Lake Ontario Sub—Basin
are presented in Table 4.
The majority of the land area in the Western Lake Ontario Sub—Basin is
used for agriculture. Of the 605,507 ha (1.5 million acres) of farmland,
30,161 ha (74,530 acres) are orchards and horticulture, 225,942 ha (550,300
acres) are cropland, and 349,504 ha (863,600 acres) are pasture.
are concentrated in the Niagara Peninsula watershed.
The second largest land use in the Western Lake Ontario Sub—Basin, in
terms of area, is urban. It incorporates 135,055 ha (333,720 acres), 15
percent of the total land area in this sub—basin. About half of this urban
land is located in the Humber, Don and Rouge Rivers watershed, which includes
Metropolitan Toronto. A large proportion (89 percent) of the urban land in
this sub—basin is located in large cities with populations greater than 25,000.
Forest covers 14 percent of the Western Lake Ontario Sub—Basin. The
largest amount of outdoor recreation land is found in the most highly
urbanized watershed, the Humber, Don and Rouge Rivers.
SUB-BASIN ll: TRENTrMOIRA RIVERS
Five major watersheds comprise the Trent—Moira Sub-Basin: 1) Prince
Edward County; 2) Trent River; 3) Moira River; 4) Salmon and Napanee Rivers;
and 5) the Ganonoque and Cataraqui Rivers. The major land uses in these
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Total Urban > 25,000 0 3,588 1,493 4,677 940 10,698
Urban Areas < 25,000 Pop. 1,093 7,551 1,378 2,219 2,194 14,435










Extractive 48 715 359 474 70 1,666
Slag Heaps 0 0 0 0 0 0
Total Extractive 48 715 359 474 70 1,666
Outdoor Recreation 113 15,410 360 530 978 17,391
Agriculture
Orchards, Hort., etc. 701 658 0 0 0 1,359
Cropland 28,048 80,553 9,207 11,926 533 130,267
Improved Pasture 40,417 239,913 47,353 103,966 69,574 501,223
Unimproved Pasture
7,499 114,326 22,427 38,227 23,362 205,841
Total Agriculture
76,665 435,450 78,987 154,119 93,469 838,690
Forest
24,844 702,893 187,274 131,605 81,361 1,127,977
Marsh and Swamp 4,406 21,763 7,797 6,462 5,419 45,847
Barren 513 324 990 1,713 1,630 5,170
Total Watershed Land Area 107,682 1,187,694 278,638 301,799 186,061 2,061,874





The dominant land use in the Trent—Moira Sub—Basin is forest, which
occupies 1,127,977 ha (2.8 million acres), or about 55 percent of the total
land area.
Agriculture is the second predominant land use type, with 838,690 ha
(2.1 million acres), 84 percent of which is pasture. Most of the cropland is
located in Prince Edward County and the Trent River watershed.
Urban centres with populations greater than 25,000 are present in every
watershed except Prince Edward County. These larger centres represent 10,694
ha (26,400 acres), 43 percent of the 25,125 ha (62,080 acres) of urban land
in the Trent—Moira Sub—Basin.
The Trent River watershed contains 89 percent of the outdoor recreational
land in the Trent—Moira Sub—Basin (15,410 ha or 38,080 acres).




Thie, J., R.A. Ryerson, and T.T. Alfoldi. Mapping Land Use in the Great
Lakes Basin:
an Evaluation of Conventional and Remote Sensing Techniques,
Report to Technical Committee B, International Reference Group on Great
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Land Use Information for the Great Lakes
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Six specialized land use categories are inventoried in this report.
They are as follows:
~ sites; 3) shoreline erosion;
operations; and 6) high density, non—sewered residential areas.
1) mine tailings disposal sites;
4) riverbank erosion;





There are thirteen mines in the Canadian portion of the Lake Ontario
Basin which extract minerals requiring tailings disposal areas (Table
All these mines are located in the Trent-Moira Sub—Basin.
6).
Only one
of the thirteen is presently active, with iron being the mineral mined
there (methodology is presented in Appendix Aof Volume I in this report
series).
TABLE 6
MINE TAILINGS DISPOSAL SITES IN THE CANADIAN PORTION





















2HK Atlas Mine (Deloro, Smelting & Refining)
2HK Deloro Mine (Deloro, Smelting and
Refining)
2HK *Marmoraton Mining Co. Ltd.
2HL Hollandia Mine
2HM Long Lake Mine
2MA Chaffey Mine (New Myla—Maque Mining)
2MA Matthews Mine (New Myla-Maque Mining)


























































































































































The column headings in Tables 7 and 8 are defined as follows:
No. — An arbitrary code assigned for mapping purposes.
MOE No.
Permit number in Ontario Ministry of the





















Opened - Date on which the site was opened. If no
figure is entered, the site was opened prior
to 1971.
Closed — Date of c105ure.










































































































































the Canada Water Survey classification.
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719 L311503 Cramahe Twp.
720 L311504 Cramahe Twp.



















































































































































































































































































Twp. of S. Monaghan 30/6/71














































































































































































































Waste disposal sites in the Trent—Moira Sub—Basin are listed in Table 8.
In comparison to the Western Lake Ontario Sub—Basin, the sites in the
Trent-Moira Sub—Basin are greater in number, but smaller in size and in the
amount of waste handled.
The column headings in Table 8 were described above.
Solid waste is handled at 95 percent of the sites.
Eleven sites dispose
of liquid waste.
One liquid disposal site is listed as a hazardous waste
disposal area, but was closed in 1973.
Most of the sites serve small
communities with populations less than 5,000, and many serve populations less
than 1,000.
SUMMARY
Table 9 presents a summary of waste disposal sites for the Canadian
portion of the Lake Ontario Basin.
There are 303 active waste disposal
sites in the basin which cover a land area of about 2,900 ha (7166
acres). Approximately 17,000 t (37.4 million lb) of waste are applied to
these sites daily.
In addition, there are 58 closed sites which occupy about
200 ha (494 acres) of land.
The Western Lake Ontario Sub—Basin has half as many active waste disposal
sites as the Trent-Moira Sub-Basin. However, they occupy more land and
handle 28 times as much as the sites in the Trent-Moira Sub-Basin.
TABLE 9
WASTE DISPOSAL SUMMARY FOR THE CANADIAN PORTION OF THE
LAKE ONTARIO BASIN
No. Active Approx. Volume No Closed Approx.
Sites Area (t/d) Sites Area
(ha) (ha)
Western Ontario
Sub-Basin 102 1,700 16,600 10 50
Trent—Moira
Sub-Basin 201 1,200 600 48 150
Total Canadian
Lake Ontario Basin 303 2,900 17,200 58 200
acres = hectares (ha) x 2.471





























































































































































REACHES IN THE CANADIAN PORTION OF THE LAKE ONTARIO BASIN
WITH EROSION RATES GREATER THAN 0.5 ma/m/m/yr
   
County or Annual Net
Regional Town, City Length Rate Volume
Municipality Township Location (km) (ma/m/m) (m3)
Niagara Niagara-on—the bluffs 36.61 3.77 963,700
Lake to beach 3.76 31.78
Grimsby
Halton Burlington beach strip 2.41 1.06 3,130
Northumberland Cramahe Brighton 10.14 3.48 79,152
remainder 58.23 1.23 604,358
north shore
miles (mi) : kilometers (km) x 0.62
cubic yards (yd3) = cubic meters (m3) x 1.308
The heaviest erosion occured between the towns of Niagara—on—the-Lake and
Grimsby, where the bluffs eroded at a rate of 3.77 m3/m/m/yr. Beach material





* Cubic meters of eroded material per linear meter of shoreline per vertical
meter of bluff height per year.
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 Erosion is minimal along the north shore of Lake Ontario, although
some areas in the Regional Municipality of Durham and the village of
Brighton suffered significant erosion losses. The weighted average for
these areas on the north shore was 1.23 m3/m/m/yr, constituting an
eroded volume of 604,358 m3 (790,500 yd3).
The total volume eroded from the Canadian Lake Ontario shoreline
during the period November 1972 to November 1973, was 1,698,986 In3 (2.22
million yd3). Assuming an average densityof 2.6, this means that 4.4
million t (9.7 billion lb) of material was eroded during this period.
W
A riverbank erosion study is being conducted as part of the Canadian
PLUARG Task C effort. The objective of this study was to gain a better
understanding of bank recession mechanisms and to determine the qualities
and quantities of materials eroded on a representative number of sites,
such that actual contributions of sediment to streams may be estimated.
The results of the riverbank erosion study were not available for
inclusion in this report. However, the analysis of data collected
during the preliminary phase suggested that average erosion on streambanks
in southern Ontario involved relatively small quantities, probably in
the neighbourhood of l to 2 cm (0.4-0.8 in) laterally per year.
1W
The following information on intensive livestock operations in the
Canadian portion of the Lake Ontario Basin was obtained from a study
carried out by Agriculture Canada (3). Details concerning methodology
appear in Appendix A of Volume I in this report series.
Intensive livestock operations are defined as follows: 75 or more
dairy cattle; 150 or more beef cattle; 300 or more swine; and 30,000 or
more poultry. Based on these criteria, there are 60 intensive poultry
operations, l32 intensive cattle operations, and 177 intensive swine
operations in the Canadian portion of the Lake Ontario Basin (Table 11).
The poultry operations are concentrated in the Niagara Peninsula.
TABLE 11
INTENSIVE LIVESTOCK OPERATIONS IN THE CANADIAN PORTION OF THE
LAKE ONTARIO BASIN
Poultry Cattle Swine
Lake Ontario 60 132 177
Total Great Lakes 165 1,002 834
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 Y NO —SE
W
The information on non—sewered residential areas was taken from a study
conducted for Environment Canada (1). Details of the methodology are
presented in Appendix A of Volume I in this report series.
I E TIA AREAS
Since this study was to include both permanent and seasonal residences,
compact groupings of cottages or chalets were included. In the case of
seasonal residences, the number of units was tabulated. This was translated
to an equivalent population, using a factor of 3.5 persons per unit.
This same practice was followed for permanent residences in some municipalities.
These estimated populations are included under the heading "total population"
in the Tables.
High density, non—sewered residential areas in the Western Lake
Ontario Sub—Basin are listed in Table 12. A total population of 132,400
resides in these areas. The average population per non—sewered residential
area is 752. However, some areas have populations as large as 10,000.
Table 13 presents a listing of the high density non-sewered residential
areas in the Trent—Moira Sub—Basin. There are 249 such areas, with a
total non-sewered population of 120,300. The average population per
area is 483, considerably less than the average of 752 in the Western
Lake Ontario Sub—Basin. The largest non—sewered residential area is
located in Frontenac County on Highway 33, west of Kingston, where
14,000 persons reside.
iUMMARl
Approximately 252,600 persons live in high density, non—sewered
residential areas in the Canadian portion of the Lake Ontario Basin.
This represents 6 percent of the total Lake Ontario Basin population.
About 52 percent of the non-sewered residential area population is
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 TABLE 12 (cont'd)












































































































































































































Saltfleet ZHA Shoreline 620 2,170
" " N. of Hwy. 8 820 2,870
" " S. of Mount Albion 100 350










































































































































































































































































































































Burlington 2HB Part of Town.
1,025 1,025
Nassagaweya




























































TABLE 12 (cont ‘ (1)



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TOWNSHIP BASIN LOCATION UNITS POPULATION POPULATION
 
































































































































































































































































































































































































































































































































































































































































































































































" " Chief Island 30 105





























" " Belmont Lake South 75 10 272
Belmont Lake South 300 1,050
Havelock
1,225 1,225
Methuen 2HK Nephton 100 100
Sub-Basin 11 Total 120,281
 














































































































































































































Lake Ontario Sub—Basins are presented in Table 14.
Insecticides are
used to a much greater extent in the Western Lake Ontario Sub-Basin than
in the Trent-Moira Sub—Basin.
The area of heaviest use is the Niagara
Fruit Belt.
About 75 percent of the total amount of insecticides used
in the Canadian Lake Ontario Basin is used on fruits and vegetables
in
the Western Lake Ontario Sub-Basin.
This sub-basin receives about
190,400 kg/a (419,780 lb/a) of insecticides, while the Trent-Moira Sub-
Basin receives only about 50,800 kg/a (112,000 lb/a).
ELLNEILLQES
The amounts of fungicides used in the Canadian Lake Ontario Basins
are also listed in Table 14. Virtually all of the fungicide (> 99
percent) is applied to fruits and vegetables, as opposed to their application
to field crops. Use of fungicides is about ten times greater in the
Western Lake Ontario Sub-Basin than in the Trent—Moira Sub-Basin. Most
of the fungicides are used in the Niagara Region.
About 210,600 kg (464,290 lb) of fungicide are used annually in the

















































































































































































































































































































































the Western Lake Ontario Sub—Basin.
The Trent-Moira Sub—Basin has more cattle than the Western Lake Ontario
Sub—Basin, but less swine, poultry, and other livestock.
  
TABLE 15 ,




































LIVESTOCK NUMBERS IN THE CANADIAN PORTION OF THE LAKE ONTARIO BASIN
Sub— Total Dairy Beef Swine Poultry Others
Basin Cattle Cattle Cattle
Western
Ontario 223,564 87,833 35,143 176,301 6,692,231 164,370
Trent—Moira 275,536 89,967 48,857 88,699 1,442,219 49,900




Table 17 lists the weight (kg) of fertilizer nutrients applied to land
in the Canadian portion of the Lake Ontario Basin. The Western Lake Ontario
Sub—Basin receives approximately twice as much nitrogen, phosphorus and
potassium from fertilizer as does the Trent-Moira Sub—Basin.
TABLE 17
TOTAL NUTRIENTS FROM COMMERCIAL FERTILIZER
(kg)
Sub-Basin N. P205 K20
Western Ontario 9,033,900 6,476,300 6,884,700
Trent-Moira 4,739,500 3,395,500 3,606,100
Total Canadian Lake 13,773,400 9,871,800 10,490,800
Ontario Basin
__pounds.(lb) = kilograms (kg) x 2.2046
The usage of fertilizer nutrients is expressed in terms of kg/ha of improved
land and total land in Table 18. The density of fertilizer use is higher in
the Western Lake Ontario Sub-Basin than in the Trent-Moira Sub-Basin. The
average density of fertilizer nutrient usage for the Canadian Lake Ontario
Basin is 19.5 kg nitrogen ( 43 lb), 14.0 kg phosphorus (P205) (31 1b), and
14.8 kg potassium (K20) (33 lb) per ha of improved farmland. The density
of fertilizer nutrients per ha of total land is 4.7 kg nitrogen (10 lb);
3.4 kg phosphorus (P205) (7.5 lb) and 3.6 kg potassium (K20) (8 lb).
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 TABLE 18
ESTIMATED ANNUAL USAGE OF FERTILIZER NUTRIENTS
Sub—Basin (kg/improved ha) (kg/total ha)
N P205 K20 N P205 K20
Western Ontario 24.3 17.4 18.5 10.3 7.4 7.8
Trent—Moira 14.1 10.1 10.8 2.3 1.7 1.8
Average of 19.5 14.0 14.8 4.7 3.4 3.6
Canadian Lake
Ontario Basin
pounds/acre (lb/acre) = kilograms /hectare (kg/ha) x 0.8922
W
The total nutrients from manure in the two major sub-basins in the
Canadian portion of the Lake Ontario Basin are listed in Table 19. The
amount of each nutrient is slightly higher in the Western Lake Ontario Sub-
Basin than in the Trent—Moira Sub—Basin; however,the differential is much
smaller for manure nutrients than it is for fertilizer nutrients (see Table
17).
Manure contributes about 23,700 t/a nitrogen (52.1 million lb/a), while
fertilizers account for about 13,800 t/a (30.4 million lb/a). The pattern
is similar for potassium (K20), with 23,000 t/a (50.6 million 1b/a) coming
from manure and 10,500 t/a (23.1 million 1b) from fertilizers. Phosphorus
(P205) is split more equally with 10,600 t/a ( 23.3 million 1b/a) attributed





















































































ESTIMATED ANNUAL PRODUCTION OF MANURE NUTRIENTS
  
(kg/improved hectare) (kg/total ha)
Sub—Basin N P205 K20 N P205 K20
Western Lake Ontario 34.9 15.7 32.1 14.8 6.6 13.6
Trent-Moira 28.9 14.2 32.7 4.7 2.3 5.3
Total Canadian Lake 32.1 15.0 32.4 7.7 3.6 7.8
I Ontario Basin
pound/acre (lb/acre) = kilogram/hectare (kg/ha) x 0.8922
QIMMBJJ1EIL_EEJIIlJLIZJUKSLJADUI_EMM10£Ui§
The estimated annual total nutrients from commercial fertilizer usage
and agricultural manure production are presented in Table 21. A total of
36,450 t nitrogen (80.2 million lb), 20,480 t phosphorus (P205) (45.0 million
lb), and 33,400 t potassium (K20) (73.5 million lb) are received by theLake
Ontario Basin from both Canadian fertilizers and agricultural manure on an
annual basis.
TABLE 21
ESTIMATED ANNUAL TOTAL NUTRIENTS FROM FERTILIZER USAGE AND MANURE
PRODUCTION
(t/a)
Sub—Basin N P205 K20
Western Lake Ontario 22,030 12,310 18,840
Trent-Moira 14,420 8,110 14,560
Total Canadian Lake Ontario 36,450 20,480 33,400
Basin
pounds (lb) = tonnes (t) x 2200
RQALSALLS
The data presented in Table 22 is a comprehensive summary of salt use
in the Canadian portion of the Lake Ontario Basin. The salt indicated is
rock salt or sodium chloride, which is composed of 94 to 97 percent pure
sodium chloride, plus small quantities of chlorides, carbonates and
sulphates of calcium and magnesium.
0f the 741,620 t (1.6 billion 1b) of salt used in the Canadian Lake
Ontario Basin, 629,560 t (1.4 billion 1b), 85 percent of the total salt used in
the Western Lake Ontario Sub-Basin. This is due to the higher concentration










































































pounds (1b) = tonnes (t) x 2200






























































38 percent of the nitrogen,
48 percent of the phosphorus and 31
percent of the potassium come from commercial fertilizers.
The remainder of
the nutrients are attributable to agricultural manure.
The estimated annual usage of fertilizer nutrients, in terms of
kg/ha of improved farmland, is as follows:
nitrogen - 19.5; phosphorus
(P205) ~ 14.0; and potassium (K20) — 14.8. The estimated annual usage of
manure nutrients, expressed in kg/ha of improved farmland, is nitrogen - 32.1;
phosphorus (P205) — 15.0; and potassium (K20) — 32.4
Approximately 326 t (717,200 lb) herbicides are applied annually in the
Canadian Lake Ontario Basin; 234 t fungicides (514,800 lb); and 241 t
insecticides (530,200 lb). Herbicides are used less in the Canadian Lake
Ontario Basin than in the Canadian Lake Erie Basin. The majority of the
herbicides, 286 t (88 percent of the total herbicides used in the Canadian Lake
Ontario Basin), are applied to field crops, while almost all of the fungicides
and insecticides are used on fruits and vegetables. The greatest use of fungicides,
over 50 percent of the total amount, is in the Niagara region. Prince
Edward, Northumberland, and Wentworth counties also have a high use of
fungicides. As might be expected, the area of heaviest use of insecticides

























































































































































































































Canadian Salt Company Ltd.
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Soils and Crops Branch, Ontario Ministry of Agriculture and Food.




























































































































































































Basin 4,035,064 4,707,004 6,304,007 8,118,689
 
0 T Y
The economic activity projections presented here were produced by
Informetrica Limited (2). Details concerning methodology were presented
in Appendix A of Volume I in this report series.
Two sets of estimates were made, Series A and Series B.
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Series A postulates a world economy in which basic resources are
continually in short supply. This is reflected in two ways:
a) a rapid growth in world prices of several major commodity
groups, mainly associated with metals, mining, and energy,
will occur; and
b) the assumption that Canadian suppliers of these goods will
respond by providing a rapid growth in the volume of these
goods that are exported.
Over the long period under review in this study, the growth of
economic output will be a function of the growth in the labour force,
increases in productivity per worker, and the ability of policy makers
to keep the economy continuously operating at or near "potential", with
acceptable price increases. It is assumed that governments will operate
the economy at close to the potential, accepting an average annual
increase of about 4.1 percent in prices in the long term as measured by
the implicit deflator of Gross National Product. This rate is somewhat
higher than has been experienced in the post—World War period and reflects
the general assumption of a continued world scarcity of basic resources.
Growth of the supply of labour is related to the growth of the
population eligible to work and the willingness of that group to participate
in the labour force. The past generation has seen a steady decline in
the average hours worked per week. -It is anticipated that this trend will
continue, the average falling from a present 36 hours per week to about
27 in 2020. On the other hand, there has been a clear tendency for
people to participate (albeit in the reduced work week) in the past.
This is attributable primarily to the increased rate of women's participation.
It is expected that this trend will also continue. The participation
rate of women under the age of 35 is projected, for example, is projected
to rise from a present 45 percent to almost 80 percent in 2020. Overall,
it is projected that the participation rate will rise from its current
58 percent to almost 65 percent in 2020.
Consequently, the labour force can be expected to grow at an average
annual rate of about 1.5 percent in 1974-2020. This factor together
with a growth in output per labourer averaging about 2.7 percent annually,
yields an expected average annual growth of 4.2 percent of the Gross
National Product (in constant dollar terms). The pattern over time is
interesting. The potential for rapid growth is almost certain to deteriorate
over time, as the growth of the labour force slows. Thus, in 1974 -
1990, the economy can potentially grow at an average annual rate of
about 4.8 percent. However, from 1991 through 2020, this potential is
restricted by the slow growth of the labour force to about 3.8 percent
per year. I
To support the rapid growth of government services, it is assumed
that taxes will besuch that disposable personal income per capita will
grow slightly less rapidly than Gross National Product.
Nevertheless,
this indicator of economic well—being will continue to increase at an
average annual rate of 3.0 per cent in 1974-2020. This rate is only
slightly less than that which was maintained in the 1960's.
In terms of
1961 prices, per capita disposable income will rise from $4,950 in 1974
to $9,410 in 2020.
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 The consumption of public goods and services, as measured by government
current expenditures, is projected to provide an increasing share of
total expenditures at the expense of private consumption. Under conditions
of a slowly growing population, this is a reasonable projection if the
economy is to operate at its full potential. Among private consumption
items, expenditures for services and durable goods can be expected to
grow most rapidly, as has been the case in the past decade.
Demand generated for investment is projected to provide 21—22
percent of total expenditures, of which the private sector is expected
to provide an even greater amount. The one significant contrast between
the experience of recent years and that expected in future years is in
the projection for residential construction, which is projected to grow
slowly and to decline as a proportion of total expenditures. This can
be attributed to the projected pattern of population growth. The formation
of new households, which has grown rapidly in the past decade, can be
expected to increase at slower rates in the future. Domestic savings
should be sufficient to finance investment throughout mostof the period.
Business and government can be expected to provide increasing shares of
total savings, particularly after the mid-1980's. Until that time, low
dependency ratios (i.e., the ratio of the number of persons not in the
labour force to those employed) should cause personal savings to rise
rapidly.
In Series B by the year 2020, exports (in current dollars) will be
about 23 percent less than in the Series A simulation. This is accomplished
by assuming that:
a) world prices for uranium, coal, iron ore and automobiles
will grow less rapidly after 1985, and
b) the volume of exported uranium, coal and iron ore will
grow more slowly, reflecting a diversion of investment
interest from these sectors of the economy.
In constant dollar terms, exports in 2020 are 10 percent less than
in Series A.
Such assumptions would lead to a much slower increase in economic
activity and would yield a sustained high rate of unemployment. This
will provide the rationale for governments to sufficiently increase
transfers to persons, in order to generate domestic demand that will
again lead (as in Series A) to an economy operating at "potential".





























































































































articulation of major changes to the institutional and behavioural
structure of the economic system. Such an articulation would be a major task.
73
 
 Given the underlying policy assumption, the results of Series B, as
measured by suchmajor aggregates as Gross National Product, the Consumer
Price Index, and Personal and Disposable Income, are very similar to
those of Series A. In Series B, Disposable Personal Income per person
in 2020 amounts to $9,710 (in 1961 dollars) as compared to $9,410 in
Series A. Most of the major characterizations detailed above for Series
A apply to this simulation as well.
The Series A economic activity projections for the Canadian portion
of the Lake Ontario Basin are presented by major industrial group in
Table 24. Total economic output is forecast to increase by a factor of
eight, from 13,314.29 (millions of 1961 dollars) in 1972 to 103,83l.5 in
2020. The contribution of the land based industries (i.e., agriculture,
forestry, fisheries, and mining) to the total output is projected to
remain constant at 2 percent. Manufacturing will increase its share of
total output from 39 to 48 percent, and other sectors will experience a
relative decline.
TABLE 24
ECONOMIC ACTIVITY PROJECTIONS FOR THE
LAKE ONTARIO BASIN, SERIES A
Real Domestic Product by Major Industrial Group
(millions of 1961 dollars)
  
1972 1980 2000 2020
Agriculture 128.38 176.88 362.04 782.45
Forestry 5.11 8.39 17.47 34.8
Fisheries 0.97 1.05 1.44 2.26
Mining 89.16 137.84 327.66 825.93
Manufacturing 5,235.16 8,657.24 19,763.07 50,126.22
Construction 727.40 1,110.21 2,144.08 4,330.8
Trans. Utilities
Trade & Other 7,128.11 11,082.75 23,423.71 47,729.04




















































































































































































































































































































In both scenarios it is assumed that either market forces or government
intervention will ensure basic food production.
Specifically, it is
assumed that the physical volume of agricultural production will grow over
any period at a constant proportion of the growth rate of Ontario population*.
For a detailed discussion of methodology, see Appendix A of Volume I in this
report series.
*A key omission in this study is the relationship between Ontario agriculture
‘
and the rest of the world.
An implicit assumption of the present study is
4
that Ontario will not increase its net reliance on outside agriculture at a



























































































































































































































































































































































on marginal agricultural land.
In the pessimistic scenario,
which is based upon the assumption
that an upper limit to yields is being approached,
the decline of the
area occupied by agriculture will be halted between 1980 and 2000.
Subsequently, a significant area will be absorbed by agriculture.
Which scenario will best approximate the future?
This depends on
the nature of technological advance in agriculture.
It depends also on
the nature of the decision—making process in agriculture.
Will broad
trends in agriculture be set by the decisions of isolated producers,
responding to the product prices, land prices, and factor prices that
are established in the world of monopolies that surrounds them; or will
the broad trends of agriculture be established by state intervention,
based upon a normative evaluation of the cost of resource use and of the
value of alternative categories of consumption? Finally, what is becoming
more scarce: farmland; energy; or the ability of the environment to
absorb larger doses of biocides and fertilizer? Many forces are acting
upon agriculture and the resolution of these forces is not at all clear.
URBAN
The urban land use forecasts in this report are based upon a cross-
sectional analysis of the relationship between urban population and
urban area (4). They are basically unconstrained, assuming no more
effective planning than exists now, and also that the economy will
continue to be the major determinanat of the urbanization process.
Two different methodologies were used. The first is the constant
land consumption rate method, which is based on the assumption that any
increments of urban populationwill occupy as much space per person as
the current urban population. The second approach is the allometric
method, which assumes that as population increases, urban area also
increases, but at a slower rate, reflecting a higher density and more
intense use of land in larger cities. Finally, a preferred forecast,
called the declining land consumption rate forecast, which combines the
best attributes of both methods, is also presented. A detailed description
of the methodologies is presented in Appendix A of Volume I in this
report series.
DEFINITIONS
Urban Population, as defined in the 1971 Census of Canada, includes
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Major land use projections for the Canadian Lake Ontario Basin are
summarized in Table 28.
Considering the Canadian basin as a whole,
farmland
will decline at a faster rate than urban expansion, and there will be small
increases in forest and other land.
In the year 2020, about eight percent
of the land will be devoted to urban use, 16 percent will remain in agriculture,
68 percent will be forest, and the remainder in other categories.
TABLE 28
MAJOR LAND USE PROJECTIONS FOR THE CANADIAN PORTION


















Other 9.12 100.8 135.2 211.1
Total Land Use 2,950.2 2,950.2 2,950.2 2,950.2
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Beef cattle will constitute an increasing proportion of the total
numbe of cattle, due to a relative decline in the numbers of dairy
cattle.
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HIGH DENSITY; NON-SEWERED RESIDENTIAL AREAS
The urban, high density, non—sewered residential areas will gradually
be connected to municipal sewage systems. The rural component of the
high density, non—sewered residential areas will likely increase along
with increases in the rural, non—farm population.
Advances in private waste disposal system technology may contribute
to improved efficiency, resulting in less pollution of ground and surface
water.
KW
If the supply of recreational lands keeps up with the demand for
recreation, it will likely increase in the future.
Not only will there be more people wanting recreation, but the
possibility of shorter work weeks will give each person more time for
recreational pursuits.
E A SA ORE ASTS
EE§_T_LC.I_D_E_$
There are formidable obstacles to making statements about the
nature and level of pesticide use in the future. New products are
continually being introduced to the market. Furthermore, the use of old
products can decline, resulting in the withdrawal of some of these
products from the market. In addition, legislation can radically alter
the pest control choices available for use.
The projections presented are based on the following restrictive
assumptions: 1) that there will be no radical changes in pest control
practices or types of chemicals used; 2) that the intensity of chemical
use will remain constant; and 3) that the proportion of each class of
farmland subjected to pesticide use will remainconstant. The only
remaining variable is the area of farmland. Details of the methodology
used in those forecasts are discussed in Appendix Aof Volume I in this
report series.
Agricultural pesticide forecasts for the Canadian portion of the
Lake Ontario Basin are presented in Table 29 under both the pessimistic
and optimistic yield scenarios (7). In the lower (optimistic forecast),
the use of each type of pesticide is predicted to decline. By contrast,
substantial increases in pesticide use are predicted in the upper (pessimistic)
forecast.
It should benoted that these forecasts are based on very restrictive
assumptions and should Egg be construed as balanced projections that
incorporate estimates of the magnitude of all factors that will affect
future pesticide use.
81
   
TABLE 29
FORECAST OF ANNUAL AGRICULTURAL PESTICIDE USE
IN THE CANADIAN PORTION OF THE LAKE ONTARIO BASIN
(t/a)
1971 1980 2000 2020
HERBICIDE — LOWER FORECAST 311 274 218 175
UPPER FORECAST — 280 317 477
FUNGICIDE - LOWER FORECAST 234 223 223 226
UPPER FORECAST — 228 324 589
INSECTICIDE - LOWER FORECAST 241 228 223 224
UPPER FORECAST — 233 325 585
dash (-) indicates data not available
pounds (1b) = tonnes (t) x 2200
EEJTIIISLZEIﬂi
The volume of fertilizer that will be used by agriculture in the
Canadian portion of the Lake Ontario Basin in the future will depend, in
a complex way, upon the area used by agriculture,prices of farm products,
prices of fertilizers, environmental constraints, and technical limits.
Because of the uncertainty of long—run projections, most of these factors
have been excluded from the agricultural forecasting exercise. However,
the environmental implications of continued rapid increase in the use of
fertilizers make it important to consider the magnitude of their use in
the future. A description of the methodology appears in Appendix A of
Volume I in this report series.
The projected nutrient content of fertilizers used in Canadian Lake
Ontario Basin agriculture is presented in Table 30 (7). The forecasts are
very sensitiveto the assumptions upon which they are based. They indicate
that there will be a continued rapid increase in the use of each fertilizer
























































































































































































































































































































































































































































































































































































































































































































































































































































































































of radically new substitutes.
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